Abstract Rotavirus (RV) infections are worldwide in distribution causing high morbidity and mortality in human and animal neonates. Human settlements in close proximity of animals aids for genetic re-assortment of the virus by interspecies transmission and consequent emergence of new viral antigenic strain. Therefore, the present study was designed to explore RV incidence in a single approach from human and animal neonates sharing similar environment. Altogether, 200 diarrheal samples from children (50), piglets (80) and calves (70) were collected during the year of 2010-2012 from various locality, farms and hospitals, initially screened through monoclonal antibody based enzyme immunoassay followed by RNA-PAGE and VP7 gene amplification by Reverse transcription PCR. The overall prevalence of rotavirus was found to be 41.5 % (83/200) where maximum numbers of positive cases were found in piglets (46.3 %) followed by human (40 %) and cow (37.1 %). Majority of samples demonstrated characteristic group A rotavirus (RVA) electropherotype of 4:2:3:2 pattern. Moreover, RNA profiles of seven samples from piglets and calves revealed variation in the migration pattern of class II, III and class IV segments. The study, for the first time from the valley, detected 43.7 % of neonatal RVA positive cases from human and animal sharing similar setting. The variation in RNA migration pattern in seven cases signifies tentative cases of gene re-assortment that warrant further evaluation.
Introduction
Rotavirus (RV) infections are the leading cause of neonatal diarrhea and are worldwide in distribution causing high morbidity and mortality in humans, animals and birds [1, 4, 14, 21] . Among all serogroups, rotaviruses belonging to group A are predominant cause of severe gastroenteritis [4, 26] . This non enveloped virus of family Reoviridae, having a double-stranded RNA (dsRNA) genome of 11 segments can exchange (reassort) genes [6, 7, 12] and the mechanism is very often in a setting where close proximity among human and animal exhibit, thus, aids for genetic reassortment [3] . The socio-economic status of India is typically based on agricultivation and rearing farm animals. These animals act as an important host to thrive the infection ensuing possibility of interspecies transmission by fecal-oral route that accounts the basis of rotaviral circulation in the whole community. This phenomenon is a feature that is predicted to generate possibly more dangerous virus strains and successively may cause serious threat to the existing vaccine as the efficacy and effectiveness of RV vaccine may differ depending on the predominant natural strain types [17] .
Many studies [9, 13, 22, 23] illustrated on detection and typing of RV by various serological and molecular techniques that has improved our perceptive of the diversity of RV strains where antibody based technique like enzyme immunoassay (EIA) and the molecular techniques like polyacrylamide gel electrophoresis (PAGE), reverse transcriptase polymerase chain reaction (RT-PCR) etc. are widely used. Presently, there are seven RV groups (A-G) and at least four subgroups (SGI, SGII, SGI?II, and SGnon-I/non-II) within group A that have been recognized [2] . The RNA segments separated on polyacrylamide gel generates that can be broadly divided into ''long,'' ''short,'' and ''abnormal'' RNA profiles, based on the relative migration of RNA segments [8] . Genotype-specific detection or classification is based on reverse transcription followed by polymerase chain reaction (RT-PCR) and nucleotide sequence analysis of VP7 and VP4 genes. The VP7 (glycoprotein) and VP4 (proteases) proteins form the smooth outer capsid (G serotype) and short spike (P genotype), respectively, and are the major antigens inducing neutralizing immune responses during RV infections. Based on molecular differences, currently, 35 P-types and 27 G-types have been reported, of these, 15 P-types and 12 G-types have been identified in human infections [12, 19, 20, 25] .
More recent research [20, 21, 28] has occurred in the field where genetic variability study provided functional data for a better understanding of virus epidemiology, particularly with respect to evidence of interspecies transmission of rotaviruses which increases the possibility of emerging new strains and unusual genotypic combinations. This type of research also focuses the development and monitoring of effective vaccines. Maintenance of domestic animals for living and trade is very common in north-east India, and animals and humans usually live in close proximity and share (in some cases) same water bodies in rural settings. This condition provides a perfect opportunity for interspecies transmission and genetic re-assortment. Moreover, there are no results in the literature regarding combined study for detecting RV circulating among humans and animals sharing single locality, especially from this part of India. The present study was, therefore, intended to ascertain the occurrence of rotaviruses in human and animal neonates associated closely and to characterize the field samples testing positive for RV by EIA, RNA-PAGE and RT-PCR methods. This study will highlight the prevalence of RV incidence cases and occurrence of variant strains circulating among human and animals at a single location that would have implications in diarrhea surveillance and vaccine evaluation program.
Materials and methods

Sample collection
The area for sampling was characteristically chosen having a close association of animals and human. The Nepali basti of Guwahati (26.1838°N, 91.7633°E), India displayed the exact state of affairs where unorganized cattle farms are maintained by the dwellers. Likewise, in a sole setting, the intake of house hold wastes by the pigs also assists interspecies transmission where the associated neonates, at both cases are at risk, thus satisfying the principle of study. A total of 200 diarrheal stool samples from piglets (80), calves (70) and children (50) were collected from freshly voided faeces or obtained by rectal evacuation during the year 2010-2012. In addition, human samples from clinically affected children under the age group of \5 years having history of involvement with farm animals were collected from the diarrheal ward of Department of Pediatrics and Neonatalogy, Guwahati Medical College Hospital (GMCH), Assam, India. The pig and cattle farms of College of Veterinary Science, Khanapara and NRC on Pigs, Rani, Guwahati, Assam, India respectively were also explored, being organized farms for collecting diarrheal fecal samples where infectivity is restored within the environment causing threat to the tenants. Collected fecal samples were transported in a ice-chamber within 2 h of sampling to the testing laboratory (Department of Microbiology, College of Veterinary Science, AAU, Khanapara) and 20 % suspension of each sample was made in 0.06 M PBS (NaCl, KCl, Na 2 HPO 4 , KH 2 PO 4 ), pH 7.2. After clarification at 12,000 g for 20 min in refrigerated centrifuge machine (Biofuge, Germany), the supernatant was collected and preserved at -20°C till further use.
Enzyme immunoassay
Suspected field samples were individually screened for RV antigen using a monoclonal antibody (mAb) directed against product of sixth viral gene (VP6) using sandwich type enzyme immunoassay (mAb-EIA) kit (Premier Rotaclone; Meridian Bioscience Inc., Cincinnati, OH) according to the manufacturer's guidelines.
Polyacrylamide gel electrophoresis 20 % fecal suspension was used for viral RNA genome extraction using phenol chloroform mixture [15] and 0.1 M sodium acetate buffer (pH 5.0) containing 1 % (w/v) sodium dodecyl sulphate (SDS). RNA quantity and quality was assessed using a Nanodrop Spectrophotometer (ND-1000; Thermo Scientific, USA) and was analyzed by RNA-PAGE in 7.5 % polyacrylamide slab gels using 3 % spacer gel in a discontinuous buffer system [18] without SDS. Electrophoresis was carried out at 70-100 V for 2-3 h in room temperature using vertical slab gel electrophoresis apparatus (Biorad, USA). The gel was further stained with silver nitrate (AgNO 3 ) solution to generate electropherotype of the fragmented viral RNA [27] .
VP7 gene amplification by RT-PCR
Reverse transcription of suspected fecal samples for amplification of full length VP7 gene was performed for Circulation of group A rotaviruses 251 which viral RNA was extracted using commercial kit (Axygen, USA) following manufacturer's protocol and was used as templates in RT-PCR. One step RT-PCR was performed using set of generic primers as described earlier [13] in two reaction steps holding a total reaction volume of 50 ll. In RT-1 reaction, the mixture of template and 10 pmol primer was denatured at 95°C for 5 min in a thermal cycler (VERITI 96 wells, Applied Biosystems) and immediately chilled on ice. RT-2 reaction for cDNA synthesis and gene amplification was performed in the same tube by adding 59 RT buffer, 10 mM dNTP mix, 25 mM MgSO 4 , 5U of AMV RT enzyme, 5U of Taq polymerase (invitrogen) and DMSO under following thermal cycling profile: Preincubation at 48°C for 45 min, denaturation at 94°C for 1 min, anneling at 46°C for 2 min, extension at 68°C for 3 min and repeated the above steps for 39 cycles following final extension for 10 min at 68°C and wind up by hold at 4°C. The PCR amplified product was confirmed by agarose gel electrophoresis using 1.5 % agarose (Amresco) containing ethidium bromide (0.5 mg/ml) in 0.59 tris borate EDTA (TBE) buffer and the gel was visualized under UV transilluminator (Kodak, Biostep, Germany).
Results
Cases of diarrhea outbreak in both locality and hospitals were regularly attended to comprehend clinical symptoms followed by sample collection. The sampling area along with individual patients from hospital showed a history of unhygienic and low economic scenario. The affected animals showed diarrhea and occasional vomiting with severe and mild dehydration. Out of 200 suspected field samples from piglets, calves and children, the overall prevalence of RV was found to be 41.5 % (83/200) where maximum numbers of positive cases were found in piglets (46.3 %) followed by human (40 %) and cow (37.1 %). The children from the area where there is close association with animals demonstrated 46.4 % (13/28) of RV positive cases and 31.8 % (7/22) positivity were recorded for hospitalized patients. The details of RV infection in three different hosts during the course of study were presented in Table 1 . Figure 1 Each RV strain reveals a single distinct pattern of electropherotype upon RNA-PAGE. Analysis of the electrophoretic mobility of the 11 segments of dsRNA yields a pattern which is both constant and characteristic for a particular RV isolate. The electropherotypes of the RV strains from diarrheic piglets, calves and children generated after RNA-PAGE were compared with standard reference strain (Fig. 2, Lane 1) and corresponded to the characteristic migration pattern of 4:2:3:2, which confirms the presence of group A rotavirus (RVA). All the suspected field samples were compared with standard reference strain where five samples of piglets of age 2-4 months and two samples of cow calves of age 3-4 months collected from an organized farm demonstrated additional variation in the migration pattern of dsRNA. Co-electrophoresis of reference strain (Fig. 2, Lane 1 ) and four strains of piglets (two samples shown here in Fig. 2 , Lane 2 & 3,) from organized farm revealed longer electropherotype and fast migrating class III segments (7-9) and class IV segments (10-11). However, one strain (Fig. 2, Lane 6 ) from piglet has demonstrated shorter elctropherotype. Moreover, class II segment of two cow calves (one shown here in Fig. 2 , Lane 5) from unorganized farm was found to be slow migrating as compared to the other strains. All the field samples, except few (due to low sample amount), were processed for amplification of VP7 region that yielded an expected band of 1062 bp for pig and human RV's ( Fig. 3) and 1011 bp for bovine RV strains (Fig. 4) .
Discussion
The primary aim of the study was to detect RV from neonates of human, cow and pig characteristically from a setting which is closely shared. Those setting facilitate interspecies transmission that acts as key aspect for genetic reassortment producing viable new strains. In our study, sampling area demonstrated close proximity among humans and animals where barely hygienic conditions are upheld. The monoclonal antibody (mAb-EIA) and nucleic acid (RT-PCR) based detection allowed significant and rapid diagnosis of rotaviral infection from the clinical samples. The infection was found more prevalent during the first week of life and the positivity rate was highest with whitish watery/liquid faeces. Out of 200 suspected field samples from piglets, calves and children, the overall prevalence of RV was found to be higher in piglets followed by humans and calves. Overall, RVAs were detected more recurrently and is consistent with the earlier reports [10, 12, 19, 21] . Past studies [23] from the valley, solely on pigs also confirmed piglet RV prevalence. In cows and humans, however, positive cases of 38.2 and 44 % respectively are the first reported incidence from this region. Human neonatal samples collected from the combined locality as well as from children of the dwellers associated with organized farms represented maximum rate of RV infection than the hospital patients. This clearly connotes that RV transmission from animal origin to human population is maximum in close setting. The discontinuous RNA-PAGE was employed for RV strain grouping and studies also reported that this technique is another mostly used gold standard test for RV detection in faeces [2, 5, 11, 16, 24] . Analysis of electrophoretic mobility of the 11 segments of RV dsRNA by PAGE corresponded to the basic pattern of 4:2:3:2 typical for group A rotavirus (RVA). The result of the present study also represented some additional variation in the migration pattern of the RNA segments of seven viral isolates where viral strains from four piglets of organized farms exhibited longer electropherotype mold, however from the same area/farm, one piglet RV strain has demonstrated shorter electropherotype. Likewise, detection of two rotaviral strain from cow calves of similar region revealed slow migrating class II segments. Nevertheless, variations in the RNA profiles of human samples were not detected or apparent during the study but the entire phenomenon might be responsible for the circulation of these variant strains within the human community too. Thus, circulations of variant strains of RV inside a single region are most likely suggesting presence of genetic diversity of RV. The VP7 gene or nineth segment of RV genome encodes a glycoprotein that forms the outer surface of the virion and induces neutralizing immune responses during RV infections. This gene, targeted by RT-PCR amplified an expected band of 1062 bp for pig and human RV's; 1011 bp for cow RV strains and further confirmed the presence of RV in the studied species as been evidenced earlier too [2, 25] . Circulations of RV in different susceptible host in a single geographical region therefore generate a potential possibility of zoonosis and thus provokes for reassortment of the viral strains consequently causing severe menace to vaccine failure. The present study detected 83 positive cases (41.5 %) of neonatal RVA incidence amongst man and animals from related vicinity for the first time from this region. The significant variation found in the RNA pattern of the RV strains in few samples implies circulation of various strains and chances of gene reassortment. The present study, however, could not surmise about the genotypes of the circulating strains detected during the course of study owing deficient in sequence data. Therefore, the RVA positive samples will be further used for G-P typing and phylogenetic studies to know their genetic make-up and prevalence of RV strain in different hosts at a single location. This will help out in continuous surveillance of RV incidence as well as to provide information about the occurrence of novel strains.
